Abstract-In this paper the outage-optimal relay deployment problem for amplify-and-forward (AF) multi-input multi-output (MIMO) two-way relaying network with antenna selection is studied. By utilizing an approximation of the outage probability, the outage-optimal relay location is shown feasible. On this basis a relay deployment scheme is developed by providing the near-optimal relay position in an approximate closed form. Theoretical analysis shows that the optimal relay position is affected by the number of antennas at sources but independent of the number of antennas at the relay. Simulations confirm the theoretical analysis and show the performance gain achieved by the developed relay deployment scheme.
I. INTRODUCTION
In half-duplex wireless communication networks, twoway relaying has been well recognized to achieve high spectrum efficiency. In a two-way relaying network (TWRN), the system throughput can be twice as high as that in traditional one-way relay work [1] - [3] . With the utilization of Multi-input Multi-output (MIMO) technique, the spectrum efficiency can be further significantly improved [4] . However, the main drawback of any MIMO system is the increased system complexity due to the additional cost for enabling multiple transmit and receive radio frequency (RF) chains [5] . For example, the beam-forming or other pre-coding algorithms for MIMO TWRN are greatly challenged by increased complexity on computation, signaling overhead as well as the hardware cost on Ra the performance gain achieved by MIMO more affordable, antenna selection schemes have been proposed to reduce the complexity of the transmitter as well as hardware cost [9] - [10] . In [9] , a max-min antenna selection scheme is proposed and it is proved that diversi- ty gain is still achievable with antenna selection at the relay. In [10] , two antenna selection schemes are studied for amplify-and-forward (AF) MIMO two-way relaying networks, both showing high performance gain in outage probability. Moreover, in [11] - [12] MMSE precoders are designed for cooperative two-way relaying networks with multiple single-antenna and multiple-antenna half-duplex amplify-and-forward relays.
In the meantime, relay location/placement/deployment has been recognized as a non-negligible factor in a twoway relaying network [13] - [16] . In [13] , the analysis and tests in practical indoor Environments show that even a sub-optimal relay placement algorithm can improve the system performance. In [14] , a joint power and location optimization solution for MIMO TWRN is proposed and shows that optimal relay location can bring more performance gain compared with optimal power allocation. In [15] , relay location optimization problem is investigated to illustrate the effects on energy efficiency for two-way relaying. In [16] , it is suggested that the relay is best positioned in the middle point of the two sources for energy consumption. All the studies in [13] - [16] reveal the importance of relay deployment optimization. However, the conclusions in the literature are made for specific scenarios thus not applied directly to the AF-MIMO two-way relaying network with antenna selection.
In this paper, utilizing an approximation of the outage probability for AF MIMO two-way relaying networks with antenna selection, we reveal the feasibility of the outage-optimal relay location and developed a nearoptimal relay deployment scheme by approximately locating the stationary point of the outage probability as a function of the relay position. The near-optimal relay position is expressed in closed form so that an insightful discussion can be provided in this paper.
The remainder of the paper is organized as the following: Section II describes the system model. In Section III, the near-optimal relay deployment scheme is studied by the outage approximation. Section VI reports simulation results and Section VII concludes the paper.
II. SYSTEM MODEL
We consider an AF-MIMO two-way relaying network with two source nodes and one relay, as shown in Fig. 1 
Gaussian noise at i S . Once the signal is received by substituting (1) into (2) and (3) and canceling the so called "self-interference" before signal detection, the end-to-end signal-noise-ratio (SNR) at 2 1 | ii S  can be derived. Without loss of generality, we take 1 S as example and express its SNR by
As is known in [10] , when the optimal relay location is determined, the best combination of antenna at 1 S , R and 2 S , i.e., ( , , ) J L M , can be selected by the maximization of the system sum rate. The instantaneous sum-rate of 1 S and 2 S can be expressed as
Then the best ( , , ) J L M can be obtained by
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III. RELAY DEPLOYMENT
In this section, we first derive the closed-form approximate outage probability by the antenna selection strategy in (6) , then use the closed-form outage probability approximation to study the best position of the relay that achieves globally minimum outage probability. As will be shown in this section and simulations, although our study is based on an approximation of outage probability due to the lack of the accurate closed-form expression, the performance can still be significantly improved by the developed relay deployment scheme.
The outage probability can be defined as the probability that the instantaneous sum-rate falls below a target rate th R which is given by 12 2 { , , } ( , , ) ( , , ) ( , , ) ( , , ) 
Therefore the outage probability can be derived through the CDF of W , which will be expressed below in detail.
When SNR is sufficiently large, the instantaneous sum-rate of MIMO AF TWRNs can be approximated as follows:
Hence the CDF of approximated effective SNR can be derived as 12 12 12 ( , . ) ( , . )
where 11 12 ( , , ) ( , . )
Next we define m W  and then expand it as follows: 
(1 ( )
Thus the corresponding outage probability is 
As can be observed from (14) , the outage probability is clearly a function of the distance between the sources and the relay. In the following, the best position of the relay to achieve globally minimum outage probability is analyzed by using the closed-form outage probability approximation in (14) . It can be concluded from (15) that the optimal relay location is irrelevant to the number of antennas at the relay. Further, the minimization of (15) is equivalent to minimizing 
A numerical method can be readily developed to get the minimum point and its corresponding distance by exhaust search. However, this search is at the price of the high complexity, which may not be affordable in practice. To reduce the complexity and offer a deeper insight into the relationship between outage performance and the location of the relay, in the following the analytical expression of
is sufficiently small when SNR is sufficiently large, the last term on the right side of (16) can be treated as negligible thus can be removed away. It can be proved that (P1) is a quasi-convex problem thus has a unique globally optimal solution. But still, the problem (P1) is not trivial since the complexity of numerical method is usually not affordable in practical two-way relaying networks with multiple potential relays.
To reveal the analytical solution for (P1), we first convert this optimization into solving the equation in the following by finding the stationary point of A further approximation can be performed by removing all terms related to  since  approaches to 0 asymptotically. Utilizing the polynomial approximation of (19), we can obtain ln ( 1) ln ( 1) ln(1 ) 
is an acceptable pair of fitting factor; for 1 1/ 2 x     , the fitting factors a , b can be found in a similar way. So when 
As a result of (22), the optimal distance between the relay R and the source 1 S is a function of transmitting power and the number of antennas at sources, but irrelevant to the number of antennas at the relay, which implies that, once the source nodes are paired for twoway relaying, the optimal location of the relay is predetermined. On this basis, the relay can be deployed in this near-optimal position to achieve performance gain. Furthermore, in the scenarios with multiple potential relays, since a relay closer to this near-optimal relay position achieves better outage performance, the proposed near-optimal relay position can also help with quick relay selection.
IV. SIMULATION RESULTS
In this section, numerical results and Monte-Carlo simulations are provided to reveal the performance gain brought by the developed relay deployment scheme. Without loss of generality, in the simulation the path loss exponent is set to 3.5
 
; the variances of the noise are equally allocated to the sources and the relay; the overall target rate of the system is set to 2.5 / bps Hz   (implying the target rate of the each source node is 1.25 / bps Hz ). , the outage-optimal relay deployment solution is to put the relay in the half-way between the two sources; while when the antenna configuration of the two sources is asymmetric, i.e., 12 
NN 
, the optimal relay location will be closer to the source with less antennas --this coincides with the analytical results in (22). On the other hand, we can also observe from Fig. 3 that when the transmitting power of the two sources are in-equivalent, the optimal relay location will have a slight difference with the situation in Fig.   2 , but which is consistent with each other. Again, the optimal relay location will also be closer to the source with less power in any antenna configuration of the two sources. Moreover, Fig. 2 and Fig. 3 show that the approximations of the outage probability is very close to the Monte-Carlo simulation results, which means although our study is based on the approximate expressions of outage probability, the derived nearoptimal relay position is actually very close to the optimal one. In Fig. 4 and Fig. 5 , the outage probability of the developed approximate relay position is presented compared with Monte-Carlo simulation with different SNR. Fig. 4 shows that the outage probability of the proposed relay deployment scheme is very close to the actual optimal one when the transmitting power of the two sources and relay are the same. For example, when the SNR is around 20dB, the approximate relay position is almost the same as the actual globally optimal one when the antenna configuration of the two sources and the relay is 1 
V. CONCLUSIONS
In this paper the relay deployment for AF MIMO twoway relaying was studied. An approximation of the outage probability was utilized to reveal the existence of the outage-optimal relay location and developed a nearoptimal relay deployment scheme. The near-optimal relay position was expressed in closed form, showing that the optimal relay position is affected by the number of antennas and the transmitting power at sources but independent of the number of antennas at the relay. Simulations confirmed theoretical analysis and showed the achieved performance gain.
